INTRODUCTION {#sec1-1}
============

Odontogenic keratocyst (OKC) is a clinicopathologically distinct form of odontogenic cyst known for its pathognomonic features, i.e., aggressiveness and high rates of recurrence, which have been of interest and debate since the first description of this entity by Philipsen in 1956. Recently, the World Health Organization (WHO) Working Group on Odontogenic Tumors recommended the term "Keratocystic Odontogenic Tumors" (KCOT) for these lesions to address their neoplastic nature, which indicated that the OKC epithelial lining may have some intrinsic growth potential but reclassification has not yet been universally accepted.\[[@ref1]--[@ref3]\] Therefore, treatment of this entity is still contentious.

Imaging of the lesions can help narrow the differential diagnosis, thereby helping to guide patient treatment. However, the radiographic appearances of KCOTs are varied and it is difficult to distinguish KCOTs from other cysts or neoplastic lesions on the basis of their radiographic features alone.\[[@ref4]\]

Over the years, many antibodies have been developed against relevant proteins associated with the cell cycle. Among these, monoclonal antibodies against proliferating cellular nuclear antigen (PCNA) and Ki-67 are probably the most widely used.\[[@ref5]\] PCNA expression may be used as a marker of cell proliferation because the cell remains for a longer time in the G1/S phase during proliferation. As PCNA is one of the several markers of cellular proliferation, high PCNA activity is indicative of higher proliferative activity.\[[@ref5]--[@ref7]\]

Nonetheless, whether the pattern of KCOT proliferation and its radiographic appearances have any correlation is still not completely understood. This study investigates the relationship between radiographic patterns of KCOT and immunohistochemical expression of PCNA in its epithelial cells. In addition, correlation between inflammation in the cyst wall and radiographic appearances and PCNA expression was evaluated to determine the behavior of this controversial entity and define the line of treatment.

Radiographic features {#sec2-1}
---------------------

Radiographs of 186 patients (112 males and 74 females, 1.51:1 ratio) were included in this study. The patients were diagnosed histopathologically as having a KCOT (orthokeratinized KCOTs were excluded) based on the clinical and histopathologic criteria given by the WHO in 1992. The mean age of the patients was 34.2, years with a range of 14-82 years. Additionally, 40 cases (28 inflamed and 12 non-inflamed KCOT) of the total 186 patients (22 males and 18 females, 1.2:1 ratio) were selected from the archives of the Department of Oral Pathology, Swami Devi Dyal Dental College, Panchkula, India \[[Table 1](#T1){ref-type="table"}\]. A retrospective radiographic analysis was performed on 186 cases to gain insight into the radiographic characteristics The radiographs consisted of panoramic radiographs, lateral and posteroanterior skull conventional radiographs and posteroanterior chest radiographs.

###### 

Radiographic appearance and histopathologic characteristic of 186 patients with keratocystic odontogenic tumors
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Histopathologic features {#sec2-2}
------------------------

### Immunohistochemical evaluation {#sec3-1}

Forty OKCs (28 non-inflamed and 12 inflamed) were selected randomly and two sets of 4-μm sections were prepared. One set of sections was stained by Harris hematoxylin and eosin for histologic diagnosis while the other set was stained with PCNA for immunohistochemical analysis.

The inflammatory density score was determined by counting the inflammatory cells adjacent to the basement membrane, up to a depth corresponding with one histopathological field (HPF) under 40× magnification. It was evaluated in 10 separate fields and the inflammatory density score for each case was calculated as the average of all HPFs examined. Inflammatory density was graded as follows. Grade 0: No inflammation, Grade 1: \<15 cells/field, Grade 2: 15-50 cells/field and Grade 3: \>50 cells/field. Data from each individual field were tabulated and then grouped for analysis. This approach was preferred because, often, there are focal variations in the epithelial lining as well as in the inflammatory infiltrate density within each cyst, and proliferation may not be equally distributed along the lining. Therefore, analysis of data, from each individual field, is potentially more sensitive in the detection of relationships between inflammation, epithelial morphology and expression of proliferation markers. The positively stained PCNA areas showed uptake of brown color. PCNA-positive cells were counted in 1000 cells of each sample: 50 cells in the basal layer and 50 cells in the suprabasal layer. Ten representative fields at the 400× magnification we selected and cells were counted in each of the mentioned layers. Thus, by selecting 10 random areas that were not in continuum with each other, a possible error in recounting the same cell was minimized.

Statistical analysis {#sec2-3}
--------------------

The data were analyzed using Statistical Package for Social Sciences (SPSS, Chicago, IL, USA) and Epi-Info 6.04d software. Difference between the mean of two independent groups was observed by the *T* test if data was normally (evenly) distributed. Differences between the different variables were analyzed using the ANOVA test. A *P* value \< 0.05 was considered significant.

RESULTS {#sec1-2}
=======

The radiographic presentation of KCOT can be broadly divided into four types:

Unilocular KCOT: In this lesion, a radiograph shows a well-circumscribed radiolucent cystic lesion surrounded by a thin smooth or scalloped radiopaque border that is often associated with impacted teeth \[[Figure 1](#F1){ref-type="fig"}\].Multilocular KCOT: Here, a radiograph reveals at least two round or ovoid radiolucent cystic lesions that are uniform or differently sized and overlap each other. The cysts are partially divided by fibrous or bony septa.Multiple KCOT (excluding nevoid basal cell carcinoma syndrome \[NBCCS\]): Radiographs of this entity show multiple discrete cysts distributed in the jaws. This entity is not associated with any anomaly and neoplasia \[[Figure 2](#F2){ref-type="fig"}\].NBCCS or Gorlin--Goltz syndrome is characterized by five main components: Multiple nevoid basal cell carcinomas, jaw cysts (also known as multiple KCOTs), congenital skeletal anomalies, ectopic calcifications and palmar and plantar pits \[[Figure 3](#F3){ref-type="fig"}\].

![Panoramic radiograph showing well-defined unilocular radiolucency with sclerotic margins in the mandibular left posterior region (large arrow).](JCIS-3-3-g003){#F1}

![Section of the panoramic radiograph shows multiple radiolucencies in the mandibular left posterior region (arrows).](JCIS-3-3-g004){#F2}

![Radiograph reveals well-defined multiple unilocular radiolucencies in the right and left posterior regions of the maxilla (large arrow) and left and right mandibular posterior regions (small arrow) in syndromic keratocystic odontogenic tumors.](JCIS-3-3-g005){#F3}

Relationship between proliferating cellular nuclear antigen uptake and radiographic features {#sec2-4}
--------------------------------------------------------------------------------------------

Of the 40 cases analyzed with PCNA, 16 were unilocular cases, 14 were multilocular cases, eight were multiple cases (excluding NBCCS) and two were NBCCS cases. Histologically, 28 were confirmed as non-inflamed KCOT cases and 12 were confirmed as inflamed KCOT cases. The results of immunohistochemical evaluations are shown in Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"} and Figures [4](#F4){ref-type="fig"}--[11](#F11){ref-type="fig"}.
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###### 

Comparative evaluation of proliferating cellular nuclear antigen expression between inflamed and non-inflamed Keratocystic odontogenic tumors

![](JCIS-3-3-g007)

![Proliferating cellular nuclear antigen immunostaining of unilocular keratocystic odontogenic tumors shows parakeratinized corrugated epithelium (large arrow) with palisading pattern of basal cells (small arrow) and mild amountof inflammation in connective tissue stroma (black arrow) (40×).](JCIS-3-3-g008){#F4}

![Proliferating cellular nuclear antigen immunostaining of unilocular inflamed keratocystic odontogenic tumor sample shows non-keratinized epithelium (large arrow) and dense amount of inflammatory cells in connective tissue stroma (black arrow) (40×).](JCIS-3-3-g009){#F5}

![Proliferating cellular nuclear antigen immunostaining of multilocular keratocystic odontogenic tumors shows corrugated six to seven-cell layered thick parakeratinized epithelium (large arrow) with palisading pattern of basal cells (small arrow) and minimal amount of inflammation in connective tissue stroma (black arrow) (40×).](JCIS-3-3-g010){#F6}

![Proliferating cellular nuclear antigen immunostaining in multilocular inflamed keratocystic odontogenic tumor sample reveals non-keratinized (large arrow) proliferating epithelium with rete ridge formation (small arrow) and dense amount of inflammatory cells in connective tissue stroma (black arrow) (40×).](JCIS-3-3-g011){#F7}

![Proliferating cellular nuclear antigen immunostaining of multiple keratocystic odontogenic tumors reveals corrugated parakeratinized epithelium with palisading pattern of basal cells and mild amount of inflammation in connective tissue stroma (40×).](JCIS-3-3-g012){#F8}

![Proliferating cellular nuclear antigen immunostaining of multiple inflamed keratocystic odontogenic tumors reveals non-keratinized (large arrow) proliferating epithelium with arcading (black arrow) and dense amount of inflammatory cells in.](JCIS-3-3-g013){#F9}

![Proliferating cellular nuclear antigen immunostaining of syndromic keratocystic odontogenic tumors reveals parakeratinized epithelium (large arrow) and mild inflammation (small arrow) in connective tissue stroma (40×).](JCIS-3-3-g014){#F10}

![Proliferating cellular nuclear antigen immunostaining of syndromic inflamed keratocystic odontogenic tumors shows proliferating epithelium with serrated ridges and dense amount of inflammation in the underlying connective tissue stroma (40×).](JCIS-3-3-g015){#F11}

On comparing the four types of KCOTs, the expression of PCNA in the multilocular group was significantly higher than that in the unilocular type (*P* \< 0.05). Syndromic KCOT had a significantly different PCNA expression than the other groups, whereas there was a non-significant difference between multiple and multilocular KCOTs. In the presence of inflammation, there was a statistically significant increase in the proliferative activity of multilocular and multiple cysts, whereas there was no significant increase in the proliferative activity in unilocular and syndromic KCOTs \[Figures [5](#F5){ref-type="fig"}, [7](#F7){ref-type="fig"}, [9](#F9){ref-type="fig"} and [11](#F11){ref-type="fig"}\].

DISCUSSION {#sec1-3}
==========

Although the WHO in 2005 has described OKC as a tumor,\[[@ref3]\] there is no universal agreement regarding its biological behavior and mode of treatment. The typical radiographic features of KCOT are unilocular, multilocular or multiple well-circumscribed radiolucent lesions surrounded by a thin radiopaque border with a smooth or loculated periphery.\[[@ref8]\] The present study has evaluated the clinicodemographic characteristics of 186 patients, and has found 68.88% unilocular, 20.43% multilocular, 7.5% multiple (non-syndromic) and 3.22% syndromic KCOTs.

Epithelial cell proliferation has been extensively discussed in several studies,\[[@ref5]--[@ref7]\] but few have investigated the relation of proliferation with radiographic features. Using PCNA as a proliferative marker, the present study shows increased expression in the suprabasal layer than in the basal layer. This increase was found to be statistically significant in both inflamed and non-inflamed KCOTs. Similar findings were reported in previous studies done by Li et al.,\[[@ref9]\] in 1994, Murtadi et al.,\[[@ref10]\] in 1996 and Piatelli et al.,\[[@ref11]\] in 1998 using PCNA as a proliferative marker. This suggests that the highest proliferative activity is in the suprabasal cell layers. Olivera et al.,\[[@ref7]\] believe that OKC exhibits proliferation and maturation patterns different from other lesions. Li et al.,\[[@ref9]\] in 1994 hypothesized that a unique epithelial differentiation process exists, in which the basal cells assume some characteristics of preameloblasts, indicating that it might have entered, to some extent, toward ameloblast differentiation. Browne et al.,\[[@ref12]\] supported this hypothesis by stating that for a cell to enter a differentiation pathway, it must first leave the cell cycle. The presence of differentiated cell in the basal layer probably accounts for the fact that the major proliferation compartment is suprabasal. This peculiar distribution of PCNA-positive cells in a suprabasal location in OKC could be due perhaps to inductive influences of the underlying connective tissue as suggested by Piattelli et al.,\[[@ref11]\] in 1998. When the influence of inflammation on the proliferative activity of the epithelium was studied, it was found that there was a statistically significant increase in the proliferative activity of multilocular and multiple cysts, whereas there was a non-significant increase in the unilocular and syndromic KCOTs. Kaplan and Hirshberg\[[@ref13]\] and De paula et al.,\[[@ref6]\] have obtained contradictory results as they have observed significant and non-significant increases in PCNA expression in OKC with inflammation. Therefore, authors suggest that inflammation increases the neoplastic behavior of multilocular and multiple KCOTs and does not affect the unilocular and syndromic ones.

The varying amount of inflammation present in the connective tissue wall causes irregular and increased proliferation of the epithelium, resulting in increased proliferative potential of KCOT and hence its aggressive behavior.\[[@ref6]\] In our present study, majority of the inflamed KCOTs (22/38) were multilocular. Thoma advocated that multilocular cyst develops from an epithelial sprout that branches and forms, at each end of the branch, a small cyst. These become larger and, as they crowd together and fuse the intercystic tissue, are resorbed such that a single space results with a lobular outline and partial septa that appears to subdivide the cavity.\[[@ref14]\] Hence, we can hereby suggest that multilocular KCOTs are more aggressive than the unilocular ones. Shear also supported the same by suggesting that size of the cyst did not seem to influence its prognosis after surgery, but those whose radiographic images showed a multilocular appearance had a higher recurrence rate than those with a unilocular appearance.\[[@ref15]\]

CONCLUSION {#sec1-4}
==========

In our study, majority of the unilocular cysts have a lesser proliferative potential than multilocular cysts and, hence, are less biologically active and should not be treated as a tumor. When there is inflammation, there is a statistically significant increase in the proliferative activity of multilocular and multiple cysts, whereas there is no significant increase in proliferation seen in unilocular and syndromic KCOTs. We suggest that inflammation increases the neoplastic behavior of multilocular and multiple KCOTs and does not affect the unilocular and syndromic ones. Therefore, we conclude that aggressive treatment should be reserved for selective cases, in contrary to other authors, who believe that all OKCs behave as a tumor and should be treated aggressively.
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